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Abstract
This paper focuses on a preventive approach for an ergonomic assessment methodology applicable in order picking systems with 
little effort. The approach intends to support logistic planners to ensure a sustainable physical stress on operator’s body while 
handling a various number of complex products during order picking processes. The developed assessment methodology is based 
on an ergonomically recognised screening method (Multiple Loads Tool) and serves as a combined overall ergonomic risk 
estimation of various types of manual handling tasks by observing body postures during order picking. Implementing and using 
motion capturing systems provide an automatic and on-going capture of the operator’s body postures while handling loads. 
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1. Introduction
International expanding markets, new technologies as well 
as continuous development of new customer-oriented 
products lead to shortened product lifecycles resulting in 
increasing process variety and complexity. According to 
current challenges, manufacturing companies and logistic 
service providers have to enhance process flexibility and 
adaptability to remain sustainably competitive [1-3].
Therefore, continuous waste elimination and implementing 
lean production principles to gain highly efficient production 
and logistic processes are common goals of many companies
[4].
Despite the increasing trend towards automation and 
hybrid work systems, order picking processes are the most 
labor-intensive operations in logistic systems and 
approximately represent 50% of the total warehouse costs. 
Furthermore, any underperformance in order picking leads to 
unsatisfactory service and high operational costs in 
warehouses and consequently in the whole supply chain. For 
these reasons order picking processes are of outstanding 
importance and are considered as a high priority area for 
productivity improvements [5-6].
Manual material handling is one of the most physically 
demanding operations during order picking and is 
characterized by a high load weight, high repeatability and 
unfavorable body postures. These features increase the stress
on the operator’s body significantly and may cause 
occupational diseases as well as long-term injuries concerning 
the musculoskeletal system [7-8]. However, to achieve an 
ergonomic, sustainable order picking system, an on-going 
analysis and assessment of physical stress on the operator’s 
body is indispensable.
© 2014 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the International Scientifi c Committee of “The 47th CIRP Conference on 
Manufacturing Systems” in the person of the Conference Chair Professor Hoda ElMaraghy” 
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This paper presents an assessment methodology to evaluate 
each body posture occurring during material handling, taking 
into account resulting loads on the musculoskeletal system, 
time duration and/ or covered distance. Moreover, applying 
the assessment methodology enables the identification of 
cause-effect-relations between order picking systems’ 
characteristics (e. g. unloading height, product weight) and 
physical stress specific factors (e. g. load weight, body 
posture). As a result musculoskeletal disorders in order 
picking systems may be reduced sustainably.
2. State of the art in assessment methodologies
Musculoskeletal disorders are responsible for more than 
one third of the total sick leave in the European Union and
cause high costs for manufacturing companies, logistic 
service providers and national economies in common [9].
Therefore, manual material handling, that is one of the most 
physically demanding activities in production and logistic 
processes, has been a major field of research in the last 30 
years [10-11]. 
The retrospective validation as well as the prospective and 
sustainable planning of order picking systems requires
comprehensive knowledge about the actual existing 
biomechanical load in every manual material handling 
process. Based on biomechanical, physiological or 
psychological criteria or a combination of these a large 
number of various assessment methodologies have been
developed to reduce health related disorders and to gain 
highly efficient work systems [10]. Depending on the
evaluation type, existing assessment approaches and tools can 
be differentiated in methodologies defining recommended 
weight limits (e.g. NIOSH) or long-term dosage limits and 
methodologies classifying the level of risk for injuries in the 
musculoskeletal system (e.g. OWAS, KIM) [12]. Hereinafter, 
individual assessment methodologies are presented. 
In 1981 the National Institute of Occupational Safety and 
Health (NIOSH) published an equation to identify the 
recommended weight limit for different manual lifting 
processes. It is based on biomechanical, psychophysical and 
energetic criteria. Because of the fact that the application of 
the developed equation was limited to sagittal lifting tasks the 
equation has been revised in 1991. The expanded version 
enables practitioners to evaluate asymmetrical lifting tasks, 
objects with less than optimal hand-container couples and 
guarantees the assessment of a larger range of work time 
duration and higher lifting frequencies [13] Using the NIOSH 
equation it is possible to reduce and eliminate not only 
disorders of the low back but also lifting-related health risks 
concerning the shoulder or arm [14].
A significant point of criticism of the uni-sex and uni-age 
NIOSH equation is the insufficient consideration of individual 
worker’s characteristics. In addition, using the NIOSH 
equation does not enable the combined assessment of 
different manual material handling processes characterized by 
variable load weights and body postures. However, evaluating 
physical stress on the operator’s body while performing 
manual material handling processes, the calculation of a 
uniform recommended weight limit is not reasonable and 
appropriate. 
In contrast to the above mentioned NIOSH equation, the 
risks assessment using the Ovoko Work Analysis System 
(OWAS) is implemented by observing and classifying body 
postures occurring during manual material handling processes
[15]. The assessment methodology has been invented to 
investigate the exposure of operator risk factors associated to 
musculoskeletal disorders. The OWAS methodology uses a 
large number of different diagrams of body postures and 
scoring tables to assess the adopted body posture during 
process execution. In addition to the evaluation of different 
leg, arm and back postures, the carried load can be analyzed
by three given load dimensions. Finally, the selected body 
posture code is represented by a color code divided into four 
categories which classify the level of risk for musculoskeletal 
disorders. Moreover, the color code indicates the necessity 
and urgency of corrective structural and/ or design measures 
regarding the operator’s work place. 
Analogous to the NIOSH equation the OWAS 
methodology does not include operator specific characteristics 
like age and sex. Significant parameters for evaluating 
physical stress caused by manual material handling like load 
application point or dynamic effects, are not taken into 
account either. 
Current assessment methodologies discussed in literature 
are developed for specific application like assembly systems 
or automative industry. Neither the combined assessment of 
various manual material handling processes characterized by 
different body postures and a heterogeneous load spectrum 
nor order picking systems’ characteristics are considered 
adequately. For this reason these methodologies are not 
appropriate to evaluate the operator’s physical stress in 
warehouse systems. 
3. Multiple Loads Tool
For combined assessment of multiple and mixed types of 
manual material handling, the EXCEL based Multiple Loads 
Tool (MultipLa) was published in 2010. This approach is 
based on the Key Indicator Method (KIM) which was 
developed by the German Federal Institute for Occupational 
Safety and Health (BAuA) and uses standardized risk classes 
to evaluate physical stress concerning a heterogeneous load 
spectrum and various body postures [16]. KIM includes the 
evaluation of manual material handling - repositioning, 
holding and carrying - and in addition, the evaluation of 
pushing and pulling tasks [17].
MultipLa as well as KIM uses different criteria for the 
evaluation of manual material processes [18-19]
x body postures
x load weight
x positioning accurance
x pulling of loads
x lifting frequency
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x time duration or distance
x work station related conditions (e.g. occupational safety)
The combined calculation of an overall risk estimation by 
just adding risk scores from every occurring manual material 
handling process, leads to a misinterpretation of the actual 
load situation. Central idea of the MultipLa is the usage of an
unique time axis for all different type of manual material 
handling. Therefore, the duration or distance for holding, 
carrying, pushing and pulling is converted to repositioning 
time equivalents. Finally redistribution according to the 
percentage of distribution of all manual material handling 
processes is recognized [18].
Considering all evaluated activities, an overall risk score is 
calculated. Dependent on three different risk zones the 
necessity of improvement measures is announced (see table 
1). Presented risk zones serve as guidance for interpreting the 
physical stress during manual material handling. The design 
and implementation of necessary optimization measures 
requires specific ergonomic knowledge. 
Table 1. Risk zones for manual material handling [11, 16]
In addition to the physiological overall risk assessment for 
the reporting period (e.g. shift) single biomechanical 
overloads are identified and highlighted using a set of 
different algorithms. Substantial advantage of the MultipLa is 
the fact that it is the first applied methodology which allows 
the assessment of various types of manual material handling 
characterized by different body postures, load weights and 
work place conditions. 
Similar to other assessment methodologies order picking 
systems’ characteristics are not integrated. The design of 
ergonomic order picking processes as well as the retrospective 
optimization of existing processes requires information on the 
factors that influence the operator’s physical stress during 
manual picking. This paper presents a new approach for 
designing an ergonomic order picking system. The approach 
was developed within the frame of the research project 
“ErgoKom”[20]. For that purpose the research activities have 
been divided into three different parts:
1. Specifying the evaluation of body postures based on 
the MultipLa
2. Identifying cause-effect-relations between order 
picking systems’ characteristics and physical stress 
specific factors 
3. Analyzing and implementing a technical system to 
generate an automatic and on-going capture of body 
postures. 
4. Evaluation of body postures using the MultipLa
One main influence factor on the operator’s physical stress 
during order picking is the adopted body posture. As 
concerning the MultipLa, the indicator “body posture” covers 
the load on the nape of the neck, legs and back, in particular 
the spinal column. Evaluation criteria are the possibilities for 
movements, the risk of unfavorable joint positions, the 
necessity of standing for extended time during operation and 
the work with static postures of the trunk [18, 23]. For the 
exact evaluation of body postures there are four classes 
defined within the MultipLa (see table 2). Dependent on the 
occurring body posture during manual material handling and 
the position of the manipulated load, rating points from one to 
eight can be awarded. The pictograms for body postures 
shown in table 2, have been developed for the assessment of 
lifting, carrying, and holding processes only. Analogous, for 
pushing and pulling tasks there are four different posture 
classes.
Table 2. Evaluation of body posture for lifting, carrying and holding [18, 23]
Unfortunately, body postures occurring during order 
picking processes are only insufficiently and partially 
represented. Due to the wide range between the different 
posture classes and their non-detailed and unspecific 
description, the exact evaluation of body postures cannot be 
guaranteed and is often subjective while applying the 
MultipLa.
Considering the need for an automatic, on-going 
assessment methodology with little effort for ergonomic 
design of order picking processes, the posture classes have to 
be detailed and adopted. Within the framework of the research 
project, single angle specifications (e.g. bending of the upper 
body, flexion of the forearm) were allocated to the posture 
scores included in the MultipLa. In cooperation and 
consultation with ergonomic experts and by the usage of a 
ManModel included in the software “MTpro” created by 
characteristic body 
postures and load 
positions
description of body posture and load 
position
rating 
points
upright upper body
load directly on operator‘s body 1
low bending or torsion of upper body
load directly on or close to operator‘s body 2
deep or wide bending low bending and 
torsion of upper body simultaneously
load above shoulder height or far away from 
operator’s body
4
wide bending and torsion of upper body 
simultaneously 
load far away from operator's body
restricted postural stability during standing
knees on the floor,  bending, squatting
8
risk 
zone
risk score description
0 to < 25
Low load situation, hazardous situations due to physical
overload are unlikely to appear.
Concerning 10 to 25 an overload situation is possible for
less resilient persons. For that group workplace redesign is
helpful.
25 to < 50
Highly increased load situation, physical overload is
possible, even for „normal“ persons. Workplace redesign is
recommended.
50 High load situation, physical overload is likely to appear.
Workplace design is an urgent matter.
3
2
1
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Bosch Rexroth, score ranges of angle specifications for 
different parts of the operator’s body were developed and 
assigned [22]. An example for the above described approach 
is represented in figure 1.
Fig. 1. Allocation of angle specifications to body postures using MTpro by 
Bosch Rexroth based on [11, 16, 22]
As shown, the body posture described by a bending of the 
upper body of 20 degrees, an abduction of the upper arm of 10 
degrees and a flexion of the forearm of 110 degrees can be 
represented by a rating score of two or four. During the 
research work it became clear that this body posture has to be 
evaluated by a rating score of three. Moreover, a range for 
every reasonable angle specification concerning each posture 
class was developed. Taking different specific research 
literature into account and using the digital human model, a 
bending of the upper body from -15 to +15 degree combined 
with a load which is directly on the operator’s body was 
classified as a typical example for posture class one which has
to be evaluated with one rating point [23-25]. Other posture 
classes have been specified by a combination of different 
angle specifications similar. 
The design of an ergonomic order picking system does 
have a significant impact on the operator’s productiveness and 
health. For that reason it is of outstanding importance to 
identify existing cause-effect-relations between order picking 
systems’ characteristics (e.g. unloading height, product 
weight) and physical stress specific factors (e.g. body 
postures, load weight) afterwards. 
5. Cause-effect-relations between order picking systems’ 
characteristics and physical stress specific factors 
The design of warehouse and order picking systems with 
the operator’s performance and health in focus, has raised the 
need of information on influencing factors on the body posture 
causing an increased biomechanical and physiological stress. 
There are several cause-effect-relations between order picking 
systems’ characteristics and physical stress specific factors. 
Part properties like size and weight as well as the type of 
packaging are responsible for different gripping conditions, 
hand/arm positions and movement which influence the whole 
body posture themselves [26]. Shelf dimensions and 
horizontal barriers have an impact on the picking time on the 
one hand and on body posture on the other hand [27-28].
The height of the storage location also affects the 
operator’s body posture. In this context two different factors, 
the height and dimensions of the pallet, part or container itself 
and the height of mentioned factors above the floor have to be 
discussed [27]. Due to the respective height of the storage 
location, the operator has to bend his upper body or even need 
to squat down or knee on the floor. Dependent on the load of 
the picking part, a different physical stress is caused. 
In addition to the height, the vertical distance, so called 
depth, from the operator’s hand-arm complex to the part 
which has to be picked is of significant importance and affects 
the position of the upper body and the load position as well. A
selection of mentioned cause-effect-relations is summarized in 
figure 2. 
Fig. 2. Cause-effect-relations [12]
To guarantee a sustainable physical stress during order 
picking, different designs of shelves distinguished by various 
heights and withdrawal depths and their cause-effects on body 
postures were analyzed. As a result a range of height and 
depth dimensions representing every possible occurring body 
posture was developed. The selected procedure can be 
described using the example given in figure 3. 
Fig. 3. Allocation of height and depth dimensions to body postures using 
MTpro by Bosch Rexroth based on [22]
At first a specific body posture was predetermined. In the 
characteristic body 
postures and load positions
rating 
points
1
2
4
8 bending of upper body: 20°
 abduction upper arm: 80°
 flexion forearm: 30°
design of order picking 
system
order picking systems‘ 
characteristics
1. unloading height,  
withdrawal  depth
2. delivery height/ 
delivery depth
3. article dimension 
4. product weight
5. number of parts per 
pick
6. packaging
physical stress 
specific factors
1. body posture
2. load weight
1. physiological
2. biomechanical
physical stress
1. material supply
(pallet/ shelf, static/ 
dynamic, ordered/ 
disordered)
2. part properties
(stacking properties, 
pressure, sensitivity 
size)
3. process organization
(order volume, 
frequency of access)
1.50 m 0.85 m
0.23 m
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example the presented body posture is characterized by a
bending of the upper body of 20 degrees, an abduction of the 
upper arm of 80 degrees and a flexion of the forearm of 30 
degrees. Considering the developed ranges of angle 
specification and their allocation to posture classes, the 
operator’s body posture has to be awarded with two rating 
points. In the second step, order picking systems’ 
characteristics have been implemented using the ManModel
and the appropriate simulation environment. In the given 
example, a shelf with inclined floors and a general height of 
1.50 m has been generated. The depth from which the part has 
to be picked is 0.23 m and the height can be identified as 0.85
m. 
Based on these results, using the ManModel and taken the 
different algorithms of the MultipLa, which evaluate the 
operator’s physical stress, into account, it is possible to derive 
and implement detailed improvement measures. For example, 
parts with a low picking frequency and a high weight need to 
be stored in low shelf floors which result in body postures 
rated with four to eight points. In contrast, parts characterized 
by a higher picking frequency and the same or a lower weight 
should be stored in shelf floors that are located in a height of 
0.85 m up to shoulder height. In addition, the depth should not 
be more than 0.25 m if possible. Sticking to described 
parameters the operator’s body position has to be rated with a
score of one or two, which leads to a lower physical stress in 
total.
6. Technical system for an automatic and on-going 
evaluation of body postures
The development of an automatic and on-going assessment 
methodology for handling loads during order picking 
processes requires an implementation of a motion capturing
system to recognize and determine motion data. Subsequently 
the acquired data serves to identify the resulting physical 
stress by using information provided in warehouse 
management systems. 
Originally, motion capture is a popular process for 
generating human animation in games industry [30].
Corresponding systems are commercially available and 
become less expensive [30]. Concerning ergonomics, motion 
capture is used for mapping human movements and 
measuring joint coordinates. For analyzing order picking 
processes optical motion capturing systems are suitable. They
use one or more cameras to record motion data and to derive 
the resulting body posture [23]. In this context depth cameras 
like the Microsoft Kinect are widely used. Central benefits are 
the possibility to generate motion data in real-time and in 
great detail as well as the low price compared to conventional 
3D scanning devices [31-32]. The recording device Microsoft 
Kinect works as a depth camera and a color camera (RGB) 
which helps the user to recognize image content and texture 
3D points [33].
For the application of motion capture to observe body 
postures in order picking processes the Microsoft Kinect 
needs to be installed on the order picking trolley permanently.
Otherwise the accurate evaluation of the physical stress by 
using a large number of cameras cannot be guaranteed due to 
the long distance between the different storage locations. In 
addition to the body postures, the time duration for holding 
tasks as well as the distance for pushing and pulling activities 
has to be captured. For this purpose industrial sensor 
technologies are integrated, for example a measuring wheel 
for distance records. Further information like load weight,
operator’s specific characteristics or the number of parts per 
pick can be transferred from warehouse management systems 
using standardized interfaces. 
Central task for the implemented system is the analyzing 
and processing of the extensive data. Subsequently the 
achieved results have to be visualized, stored and documented 
for usage in an order picking system planning process. 
By the presented approach for assessing operator’s 
physical stress using a specified MultipLa and the application 
of the described motion capturing system, process planners 
are enabled to assess physical stress during order picking 
permanently. Based on this methodology and combined with 
the picking-article data stored in the warehouse management 
system, the operator’s stress resulting from every order 
picking can be forecasted instead of just valuated during 
operation. This enables a load and stress oriented distribution 
of picking orders to available operators which therefore leads 
to a reduction of the operator’s stress. Furthermore, work 
organization measures like job rotation can be introduced to 
guarantee a sustainable physical stress. 
7. Conclusion 
Mentioned challenges as well as the implementation of lean 
production systems including a continuous waste elimination 
cause a specific demand for highly flexible and efficient 
production and logistic processes. Considering the 
demographic change the ergonomic design of manual material 
handling processes especially of order picking processes is of 
outstanding importance. As lined out in the literature review,
there is no adequate ergonomic assessment methodology for 
evaluating the physical stress in warehouse systems that take
order picking systems’ specific characteristics into account. 
The research work presented in this paper establishes a new 
methodology for planning and designing ergonomic and
sustainable order picking systems based on MultipLa
considering the operator specific characteristics. It integrates 
elements of motion capturing systems, ergonomics and
warehousing into a new assessment methodology, which can 
fulfill the requirements of today’s lean production. 
There are still challenges for further research activities such 
as analyzing cause-effect-relations between the biomechanical 
and physiological stress on the operator’s body and order 
picking systems’ characteristics or the determination of 
psychological factors and the significance of individual 
physical strain. Nevertheless the proposed approach enables 
logistic process planners to achieve the workers’ health 
sustainable by planning an ergonomic and sustainable order 
picking system. 
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